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Letter to the Editor 
Diagnostic Hematology

Necessity of Reticulocyte Calibration for More Accurate 
and Precise Results
Yong Kwan Lim, M.D.1, Hyun-Young Chi, M.D.2, Mi-Kyung Lee, M.D.1, and Hye Ryoun Kim, M.D.1

Department of Laboratory Medicine1, Chung-Ang University College of Medicine, Seoul; Samkwang Medical Laboratories2, Seoul, Korea

Dear Editor,

Reticulocyte count and immature reticulocyte fraction (IRF) are 

known to be accurate indices of erythropoietic activity [1]. Apart 

from clinical utility, these parameters are also useful for detect-

ing blood doping in the athletic field [2, 3]. Recently, the XN 

system (Sysmex, Kobe, Japan) was introduced to the market 

[4]. Although this new instrument uses the same analytical method 

for reticulocyte counting as the previous version of the XE sys-

tem, the number of red blood cells (RBCs) that could be counted 

during reticulocyte counting was increased to improve the preci-

sion; in addition, the XN system introduced a new calibrator (XN 

CAL, Sysmex) to harmonize the reticulocyte count among differ-

ent analyzers. Increase in the number of RBCs that can be counted 

and calibration of the reticulocyte count could contribute to the 

interchangeability of the results, not only among hospitals but 

also among anti-doping laboratories. The aim of this study was 

to demonstrate and quantify the improvement in the performance 

of reticulocyte parameters in the XN series with calibration. 

For comparative analysis, 40 K2EDTA-treated samples were 

used to compare the results from automated hematology ana-

lyzers (XN-9000 and XE-2100) with that from the reference 

method for reticulocyte counting (new methylene blue staining 

procedure) [5, 6]. All whole-blood samples were the remnants 

of patient samples that had been requested for a routine com-

plete blood cell count in Chung-Ang University Hospital, Seoul, 

Korea. The study was conducted in Chung-Ang University Hos-

pital between April and June 2016, and ethical approval was 

granted by the Chung-Ang University Hospital ethics committee 

(C2016053[1796]).

Precision analysis was carried out on three levels of quality 

control materials (XN CHECK™, Sysmex). Based on the CLSI 

document EP05-A3 [7], each sample was tested 80 times, with 

two replicate measurements per run and two runs per day for 

20 days. The results of the comparative study were analyzed 

using Deming regression analysis in SigmaPlot 12.0 (Systat Soft-

ware Inc., CA, USA). The repeatability and within-laboratory pre-

cision were calculated with 95% confidence intervals using CLSI 

EP05-A3 [7] in Excel 2010 (Microsoft, WA, USA).

Comparative analysis of reticulocyte counts revealed excellent 

correlation between the reference method and XN-9000 and 

XE-2100 (Fig. 1). Results from XN-9000 perfectly matched those 

from the reference method (slope=0.9883, intercept=0.0142), 

but the results of the reticulocyte count from XE-2100 were con-

sistently lower than those from the reference method (slope= 

0.9110, intercept=–0.0680). The IRF results showed high cor-

relation, but XN-9000 yielded consistently higher results than 

XE-2100 (Fig. 2). The discrepancy in the paired results was pro-

nounced when the IRF values were especially high. 
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The repeatability for the reticulocyte counts and absolute re-

ticulocyte counts ranged from 2.31% to 3.55% for XN-9000 

and from 3.36% to 4.31% for XE-2100. The within-laboratory 

precision values of the reticulocyte count and absolute reticulo-

cyte count were between 2.79% and 3.83%, respectively, for 

XN-9000 and between 3.24% and 4.65%, respectively, for XE-

2100. As for IRF, the repeatability values ranged from 5.28% to 

7.04% for XN-9000 and from 13.71% to 15.54% for XE-2100, 

and the within-laboratory precision values ranged from 8.58% 

to 10.40% for XN-9000 and from 14.97% to 16.28% for XE-

2100. Compared with XE-2100, XN-9000 showed improved 

precision for all the parameters.

Our study showed that the reticulocyte count estimated using 

XN-9000 was almost identical to that estimated using the refer-

ence method. In contrast, XE-2100 always underestimated the 

reticulocyte count and the results were consistently approximately 

9% lower than the results of the reference method (mean bias= 

0.23%). This difference should be calibrated against the refer-

ence method because the measured results are clearly very dif-

ferent from the actual values. When we compared the precision 

of reticulocyte counts, XN-9000 showed significantly improved 

precision with all measured parameters (reticulocyte count and 

IRF) at all concentrations. We hypothesized that this improve-

ment was caused by the increase in RBC count during reticulo-

cyte counting, and calibrating the RBC count may improve the 

precision of the reticulocyte count, as this precision depends on 

the stability of the instrument response [8].

For IRF measurement, there were significant differences be-

Fig. 1. Correlation graphs with 95% confidence intevals (A, B) and difference plots (C, D) of reticulocyte counts from analyzers XN-9000 
and XE-2100 against the reference method. In the difference plots, the bold lines and dashed lines represent bias and the 95% limits of 
agreement, respectively.
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Fig. 2. Correlation graph of the immature-reticulocyte fraction be-
tween analyzers XN-9000 and XE-2100. The dashed lines repre-
sent the 95% confidence intevals.
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tween the two analyzers. Because of the lack of a reference me-

thod, the results of IRF depend on methodological differences 

such as differences in fluorescent dyes and high-fluorescence 

reticulocytes thresholds [9]; however, our data revealed that IRF 

results were not interchangeable between the XN and XE sys-

tems, even though the manufacturer, method, and principle 

were identical. 

In summary, the calibration of the reticulocyte count has im-

mensely improved the overall performance of methods for mea-

suring the reticulocyte parameters. For accurate measurement 

of reticulocytes, we recommend the XN system as a reliable he-

matological analyzer. For IRF measurement, there are evident 

differences even among hematological analyzers made by the 

same manufacturer. Therefore, there is a need for a reference 

method and harmonization of IRF measurements to minimize 

instrument-to-instrument variation.
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